Terrestrial water storage (TWS) information derived from 5 Gravity Recovery and Climate Experiment (GRACE) measurements is as-6 similated into a land surface model over the Mackenzie River basin lo-7 cated in northwest Canada. Assimilation is conducted using an ensemble 8 Kalman smoother (EnKS). Model estimates with and without assimilation 9 are compared against independent observational data sets of snow water 10 equivalent (SWE) and runoff. For SWE, modest improvements in mean 11 difference (MD) and root mean squared difference (RMSD) are achieved as 12 a result of the assimilation. No significant differences in temporal correla-13 tions of SWE resulted. Runoff statistics of MD remain relatively unchanged 14 while RMSD statistics, in general, are improved in most of the sub-basins. 15 Temporal correlations are degraded within the most upstream sub-basin, 16 but are, in general, improved at the downstream locations, which are more 17 representative of an integrated basin response. GRACE assimilation using 18 an EnKS offers improvements in hydrologic state/flux estimation, though 19
Introduction
Snow is an important component of the hydrologic cycle that accounts for a large 26 fraction of the available freshwater resources in many parts of the northern hemisphere 27 [Barnett et al., 2005] . Accurate estimation of snow mass, or snow water equivalent (SWE), 28 across space and time using point-scale, ground-based techniques is a difficult task. Thereaveraged TWS estimates. The smallest sub-basin is 280,000 km 2 , which is larger than the 142 minimum area of roughly 150,000 km 2 that can be resolved by GRACE at mid-latitudes 143 [Rowlands et al., 2005; Swenson et al., 2006] . Additional details regarding the GRACE 144 measurements and measurement preprocessing activities are found in section 5.1 and sec- As a whole, MRB is ∼1.8×10 6 km 2 in drainage area (∼1.6×10 6 km 2 for land areas only; 147 see Table 1 ) with the main branch of the Mackenzie River running from the highlands in 148 the southwestern corner of the domain northward toward the Arctic Ocean. The snow 149 classification scheme of Sturm et al. [2010] suggests MRB snow type is dominated by taiga-150 type snow with smaller areas of tundra-and alpine-type snow found in the northwest and 151 southern regions, respectively (see Figure 2b ). in the assimilation of terrestrial water storage data assimilation.
216
The predicted measurement model, H, (see Equation (2) 
where N is the approximate number of degrees of freedom, R = R 12 +R 13 2 , R 23 is the 342 correlation between the OL and DA results, and |R| = 1 − R 2 12 − R 2 13 − R 2 23 + 2R 12 R 13 R 23 .
343
If the computed t-statistic is greater than the corresponding Student t-statistic for a given 344 N at a given confidence level, then one can reject the null hypothesis, H o , and in turn 345 say that the computed correlation coefficients are statistically different. It is important to 346 note that the t-statistic computed here is only an approximation and likely overestimates 347 the value because of the presence of serial error correlations, which imply that the actual 348 number of degrees of freedom is less than the number of data points. 
518
The normalized innovation may be written as
where the numerator represents the difference between the assimilated measurement and 520 the predicted measurement, and the denominator represents a combination of the back- Subsurface SWE Figure 10 . Analysis increments for the entire MRB using the GRGS product without PGR correction. The thin, solid line represents the subsurface increments (displayed as the negative of the catchment deficit increments) whereas the thick, dashed line represents the increments from the summation of the three individual SWE layers.
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